INTRODUCTION {#sec1-1}
============

Coagulation abnormalities frequently occur following TBI and the incidence of the disturbance in the coagulation parameters varies considerably.\[[@ref1][@ref2]\] Goodnight *et al*. first recognized that tissue thromboplastin, of which brain is a rich source, is released into the circulation resulting in uncontrolled activation of clotting factors leading to depletion of coagulation proteins, which may eventually result in disseminated intravascular coagulation characterized by systemic coagulopathy, intravascular coagulation and hemorrhage after the clotting factors are consumed.\[[@ref3]\] Stein *et al*. found a strong association between severity of coagulopathy and density of intravascular coagulation.\[[@ref4]\] This insult to hemostatic system is further aggravated by the infusion of large number of colloids, crystalloids and massive blood transfusion resulting in dilutional coagulopathy. Further, acidosis and hypothermia, which commonly follow traumatic injury, also add on to the hemostatic insult forming a vicious triad of coagulopathy, acidosis and hypothermia. Coagulopathy has a significant impact on morbidity and mortality of patients with TBI.\[[@ref5]\] Mortality in patients with severe head injury with coagulopathy is found to be four times higher than in patients with head injury without any coagulopathy.\[[@ref6]\] However, from the above literature, it is still unclear whether it is the development of coagulopathy or the severity of head injury, which predicts the poor survival for patients with traumatic brain injury (TBI).

In this study, we aim to assess the incidence of coagulopathy in patients with isolated TBI, the association of coagulopathy with prognostic outcome in addition to the correlation with CT scan findings and acidosis, if any, and to identify the probable risk factors for development of coagulopathy and the reasons for poor outcome following head trauma by estimating the median survival time in these cases.

MATERIALS AND METHODS {#sec1-2}
=====================

Two hundred and eight patients diagnosed with isolated head injury, admitted in department of Neurosurgery at a tertiary care trauma center from June 2008 to May 2010, were enrolled in this prospective cohort study. Isolated TBI was defined as patient presenting with moderate to severe traumatic brain injury (GCS ≤ 12) without injury to chest or abdomen or limbs. Exclusion criteria were a known history of any hemorrhagic disorder, patient on anticoagulant medications, patient with poly-trauma or associated long bone fractures, clinical evidence of brain death at the time of admission, any other severe co-morbidity, such as liver disease, diabetes mellitus, known history of hypertension, which is likely to influence outcome.

All patients underwent detailed clinical evaluation followed by categorization into moderate and severe head injury group on the basis of Glasgow Coma Scale (GCS). Subsequent relevant laboratory investigations were carried out such as Prothrombin Time (PT)/INR, activated Partial Thromboplastin Time (APTT), Thrombin Time (TT), Plasma fibrinogen level, D-dimer level, Platelet count, ABG analysis, Arterial Lactate level and Hemoglobin concentration on the day of admission and subsequently on day three. Coagulopathy in this study was defined as Prothrombin time (PT) \> 18.0 s or/and Activated Partial Thromboplastin Time (APTT) \> 48 s (\> 1.5 times of the laboratory control). Laboratory control was calculated using fifty healthy individuals (equal numbers of males and females of different age groups). Control PT was 13.7 s and APTT was 32 s.

Acidosis was defined as arterial blood pH \< 7.3 and arterial blood HCO~3~ \< 20 mEq/L. DIC score according to ISHT criteria\[[@ref7]\] were calculated on the basis of these coagulation parameters. The patients were kept under a constant follow-up for the period of his/her hospital stay to assess the outcome, whether, discharged after recovery or died. The study was approved by the ethics committee of All India Institute of Medical Sciences (AIIMS).

Data entry was done using Microsoft Excel 2007. Analysis was done using *Stata 9.1* (*College Station, Texas, US*). All the descriptive analysis was done for each variable under study. The data were presented as mean with SD for continuous variables such as PT, APTT, TT, Fibrinogen, Hb, Platelet count, Arterial lactate level etc. For categorical variables such as Sex, D-dimer levels Acidosis, DIC score etc., data were presented as frequency and percentages. Categorical variables were compared between the groups using Chi-Square/Fischer\'s exact test, whichever applicable. The continuous variables were analyzed between groups using Student\'s *t*-test/Wilcoxon rank-sum test, whichever applicable. Logistic regression were used to calculate the Odds Ratio (OR), and multivariate logistic regression were applied to those variables which were found significant in bivariate logistic regression (*P* \< 0.05). For survival analysis, Log rank test and Kaplan-Meir survival analysis were used to find out the significant difference, if any, in median survival time in the context of different parameters. Results were considered significant at *P* \< 0.05.

RESULTS {#sec1-3}
=======

A total of 208 patients of isolated head injury presenting to the apex trauma center were included in the study and were further categorized into moderate and severe head injury on the basis of GCS. The patients with GCS 3-8 were categorized as Severe Head injury (*n* = 108) and patients with GCS 9-12 were categorized as moderate head injury (*n* = 100). The cases of head injury had been in the age range of 4-70 years. Males comprised 89% of the total study population and the mean age of the study population was 32 ± 11 years. Coagulopathy as defined in the methodology above was present in 96 (46%) patients, irrespective of the severity of head trauma. Among severe head injury (GCS 3-8) group, 66 (61%) patients out of 108 developed coagulopathy and in moderate head injury group 30 (30%) patients out of 100 developed coagulopathy (Baseline parameters of the two groups are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

###### 

Association of demographic parameters, hospital stay and in-house mortality severe TBI in presence or absence of coagulopathy
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###### 

Association of demographic parameters, hospital stay and in-house mortality *moderate* TBI in presence or absence of coagulopathy
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The most common intracranial lesion in the study subjects in decreasing order of frequency were contusion, hemorrhage, midline shift, intracranial fracture, effaced cisterns and diffuse axonal injury. Out of these, effaced cistern in the CT scan was found to have association with development of coagulopathy (*P* = 0.02).

Patients with coagulopathy in both the subgroups were found to have significantly increased PT, INR, APTT and thrombin time at the time of admission and also on third day of admission \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. Acidosis was also found to be associated with development of coagulopathy significantly (*P* = 0.042).

###### 

Association of laboratory parameters in *severe* TBI in presence and absence of coagulopathy
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###### 

Association of laboratory parameters in *moderate* TBI in presence and absence of coagulopathy
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Bivariate analysis was carried out to identify the risk factors associated with the development of coagulopathy \[[Table 5](#T5){ref-type="table"}\]. On bivariate analysis, severity of TBI, effaced basal cisterns on CT scan, low hemoglobin level, elevated D-dimer level at admission, and elevated arterial lactate level were found to predict the development of coagulopathy. However, on multivariate logistic regression analysis, only severity of head injury (GCS ≤ 8), effaced basal cisterns on CT scan, hemoglobin \< 10 g/dl and D-dimer \> 1 μg/dl were found to predict the development of coagulopathy independently.

###### 

Risk factors for development of coagulopathy (96 out of 208) following isolated TBI
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Similar analysis was carried out to predict the risk factors associated with poor outcome following TBI \[[Table 6](#T6){ref-type="table"}\]. On bivariate analysis, severity of head injury (GCS ≤ 8), presence of midline shift, decreased platelet count at admission, presence of coagulopathy, DIC score greater than 5, presence of acidosis and undergoing surgery was associated with poor outcome. However, on multivariate logistic regression. severity of head injury and presence of coagulopathy were found to predict the poor outcome following head injury independently.

###### 

Risk factors associated with poor outcome (72 out of 208) following isolated TBI
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Kaplan-Meier curves against the length of hospital stay were used to estimate the median survival time. The median survival time for various parameters such as GCS scores, presence or absence of coagulopathy, thrombin time, platelet count, D-dimer levels, DIC score ≥ and \< 5, presence or absence of acidosis at admission, blood products (RBC, FFP, Platelet) transfusion, CT findings (contusion, fracture, intracranial bleeding, cisterns effaced, midline shift), arterial lactate levels of \> and \< 2.5 were calculated using log rank test, and Kaplan-Meier survival analysis curves were prepared for significant variable. *P* \< 0.05 was taken as significant \[[Table 7](#T7){ref-type="table"} and Figures [1](#F1){ref-type="fig"}-[4](#F4){ref-type="fig"}\].

###### 

Kaplan Meir analysis for median survival time following isolated TBI
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![Kaplan-Meier survival estimate by GCS. Log rank *P* ≤ 0.001](JETS-6-180-g008){#F1}

![Kaplan-Meier survival estimate by coagulopathy. Log rank *P* = 0.003](JETS-6-180-g009){#F2}

![Kaplan-Meier survival estimate by acidosis. Log rank *P* = 0.01](JETS-6-180-g010){#F3}

![Median survival estimate by DIC Score ≥ 5. Log rank *P* ≤ 0.001](JETS-6-180-g011){#F4}

The result of the curves show that the patients with GCS score ≤ 8 with coagulopathy, having DIC score ≥ 5 and who have developed acidemia following head injury died early during the hospital stay \[Figures [1](#F1){ref-type="fig"}-[4](#F4){ref-type="fig"}\]. The median survival time was lowest for patients who developed acidemia and had a DIC score ≥ 5 (1 and 2 days, respectively).

DISCUSSION {#sec1-4}
==========

This is one of the large series of patients with isolated TBI which has looked into the prognostic factors like coagulopathy and severity of TBI. Coagulopathy frequently occurs following head injury and is a well recognized confounding phenomenon. If this coagulative derangement is severe, this coagulopathy may disseminate resulting in deposition of thrombi in microvasculature and activation of fibrinolysis leading to development of DIC and uncontrollable bleeding.\[[@ref8][@ref9]\]

In the present study, the prevalence of coagulopathy was found to be 46%, irrespective of the severity of brain injury. In the literature the incidence of coagulopathy varies considerably among different studies. The reported incidence ranges between 10 and 97%.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15]\] This wide variation in incidence among various studies could be attributed to different criteria used by different authors to define coagulopathy (as no standard definition is available so far), varying inclusion criteria, and varying severity of the head trauma among different studies.

Release of tissue factor from the injured brain cortex is implicated in development of coagulopathy following TBI. This tissue factor released from the brain activates the extrinsic coagulation pathway leading to increased consumption of clotting factors and development of coagulopathy. Also the exposure of negatively charged collagen vascular layer contributes to activation of coagulation pathway by stimulating the intrinsic pathway. This was evident in the present study from a significant increase in PT, INR, and APTT on day one and three of admission among patients who developed coagulopathy in comparison to patients who did not develop coagulopathy following TBI. Findings of the present study are similar to as reported by Bayer, Kalkan *et al*. who in their study on 62 patients of isolated head trauma, found a prolonged mean PT and APTT within first three hours of head injury.\[[@ref16]\] Similar findings were also reported by Stein, Spettell *et al*. They reported that mean PT and PTT at admission were significantly longer in patients developing delayed brain injury.\[[@ref17]\] A recent study by Talving, Benfield *et al*. on 436 patients also supported the results of this study. Greuters *et al*. in their study including 107 patients have reported significantly increased mean PT and APTT following head injury.\[[@ref18]\] Not many studies are available that had assessed TT with TBI. Neither TT has been found to be associated with development of coagulopathy. In contrast, our study shows that TT was significantly prolonged among the patients who developed coagulopathy both on day one and day three. This study supports the findings of Vecht *et al*. who also reported the prolongation of TT following head injury;\[[@ref19]\] although, Auer L in his study on thirty patients did not find any significant changes in thrombin time.\[[@ref20]\]

Plasma fibrinogen concentration was found to be significantly lower among the patients who developed coagulopathy at admission, however it showed a steep rise on the subsequent days. D-dimer levels were significantly elevated in patients who developed coagulopathy indicating the activation of the fibrinolytic system. Olson *et al*. and Antovic *et al*.\[[@ref21]\] in their study also reported similar results.

To add, to the best of our knowledge very few studies have mentioned the risk factors associated with the development of coagulopathy. In this study, severity of head injury (GCS ≤ 8), D-dimer level of more than 1 mg/dl, arterial lactate level of more than 2.5 mmol/L, effaced cisterns on CT scan and hemoglobin level less than 10 g/dl strongly predicted the development of coagulopathy. Talving *et al*. had also reported GCS ≤ 8 and presence of cerebral edema, SAH, SBP \< 90 mm Hg, midline shift as the factors, which independently predicted development of coagulopathy. Similar findings were also reported by Affonseca *et al*.\[[@ref22]\] in their study on pediatric patients where they found severity of head injury, presence of brain swelling, and injuries to chest and abdomen being associated with the development of coagulopathy.

In this study the development of coagulopathy following severe isolated head injury was associated with longer ICU stay, although coagulopathy did not bear any impact on the length of the total hospital stay. Similar findings were reported by Talving *et al*.

The overall mortality in the present study was 72 (35%). Patients with coagulopathy were found to be significantly associated with poor survival as compared to patients who did not develop coagulopathy as shown in [Table 1](#T1){ref-type="table"}. Development of coagulopathy and severity of head trauma (GCS ≤ 8) independently predicted poor outcome. The result is similar to the findings reported by Macleod *et al*. who in 7638 patients found presence of coagulopathy and GCS ≤ 8 as the predictors for poor outcome.\[[@ref23]\] Olson *et al*. reported decreased GCS, elevated DIC score and increased fibrin degradation product as independent predictors for poor outcome. Peep Talving *et al*. also found coagulopathy to be independent risk factor for mortality. However the finding of our study was contrary to findings of Affonseca *et al*. who found coagulopathy following TBI was not associated with increase in mortality. This difference in results may be probably attributed to the fact that our definition for coagulopathy was based on firm criteria, which very few studies comply with. Also we had controlled other factors such as severity of head trauma, presence or absence of other injuries etc., which could affect the outcome. In this study, the Kaplan-Meier survival curves show that the patients who developed coagulopathy with DIC score \> 5 along with the severity of head injury died early during their stay in the hospital. This finding is consistent with the findings by Macleod *et al*., who also reported a decreased median survival for the patients who developed coagulopathy. These findings support the results of Kumara *et al*.\[[@ref24]\] and other,\[[@ref20][@ref23]\] who have reported that coagulopathy is predictor for poor outcome.

In spite of the best efforts to tighten all the loose ends, our study has some limitations since we did not take into account the soft tissue injuries, which could have also possibly triggered the coagulation cascade. Sepsis, which is commonly present in traumatic injury patients is associated with decreased protein C levels, and this decreased protein C has also been implicated in the mechanism of coagulopathy.\[[@ref14]\] The strength of present study is the large number of cases, extensive review of all the routine haemostatic parameters following head trauma and analysis of several possible risk factors for the development of coagulopathy with identification of the factor predicting poor outcome following isolated TBI.

CONCLUSION {#sec1-5}
==========

The present study leads to conclusion that coagulopathy occurs frequently following TBI. Presence of coagulopathy as well as severity of head injury are two strong predictors of in-hospital mortality in these patients and is associated with decreased median survival. The risk factors for development of coagulopathy include severity of head injury and elevated D-dimer concentration at admission. On the basis of our findings, we emphasize prompt diagnosis and management of trauma-induced coagulopathy in patients with TBI.
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